The anastomosis of the inferior epigastric pedicle (IEP) with the internal mammary vessels is commonly performed in deep inferior epigastric perforator (DIEP) flap breast reconstruction. 1 However, the dissection of internal mammary vessels may cause a spasm of the artery. 2, 3 The vasospasm of the internal mammary artery (IMA) or IEP decreases the blood flow, exposing patients to vascular thrombosis and procedure failure. This risk is increased in patients treated with radiotherapy, 4,5 patients with atherosclerosis, and in the elderly. In daily practice, thoracic and cardiac surgeons commonly use an intra-arterial combination of vasodilators injected into the IMA before performing anastomosis. [6] [7] [8] In plastic surgery, vasodilators are commonly used in topical application for free flap surgery, 9, 10 while the endoluminal injection is rarely used. 9 We have previously reported that combining isosorbide dinitrate and nicardipine could be helpful in practice to treat IMA vasospasm during DIEP flap breast reconstruction. 11 Indeed, nicardipine IV, which is a dihydropyridine derivative, is a calcium blocker indicated for the short-term treatment of Keywords ► vasodilators ► DIEP flap ► breast reconstruction
Abstract
Background The spasm of the internal mammary artery (IMA) and inferior epigastric pedicle (IEP) is critical in deep inferior epigastric perforator (DIEP) flap breast reconstruction. The aim of this study was to assess the safety and the efficacy of endoluminal vasodilators on the prevention of vasospasm in DIEP flap breast reconstruction. Methods Fifty-eight patients were included in a controlled study. Of the 58 patients, 29 patients were prospectively included and received a combination of 1 mg of isosorbide dinitrate and 0.25 mg of nicardipine injected into the IMA and IEP (intervention group) and 29 patients were retrospectively included and received no antispasmodic agents (control group). The efficacy outcome was the flap viability. The safety outcome was the mean central blood pressure. Results The rate of flap necrosis was lower in the intervention group than in the control group (0 vs. 10.34%; p ¼ 0.2). The mean blood pressure was not significantly different between the two groups after injection (p ¼ 0.403). Conclusion Injecting nicardipine and isosorbide dinitrate into the IMA and IEP could be used as a new strategy to prevent vasospasm in DIEP flap breast reconstruction.
hypertension. Its use results in artery vasodilation and prevents vasospasm in cardiology or neurology. Isosorbide dinitrate is a nitric oxide donor, resulting in vein and artery vasodilation used to reduce blood pressure and vascular spasms.
The aim of this study was to assess the safety and the efficacy of a combination of endoluminal vasodilators, isosorbide dinitrate and nicardipine, on the prevention of IMA and IEP vasospasm during anastomosis.
Patients and Methods

Patients
Twenty-nine consecutive patients undergoing DIEP flap breast reconstruction were prospectively included in a clinical registry between January 2013 and November 2013. They formed the intervention group. Inclusion criteria were age >18 years and need for unilateral or bilateral mastectomy for breast cancer. The decision of performing a DIEP flap breast reconstruction was made by a "breast team" including reconstructive and breast cancer surgeons. Exclusion criteria were having any contraindication to calcium blockers (heart failure, badycardia). All patients received an injection of 1 mg (or 1 mL) of isosorbide dinitrate and 0.25 mg (or 0.25 mL) of nicardipine in 5 mL of 9% sodium chloride directly into the IMA and IEP before performing anastomosis. The procedure used was similar to that performed by thoracic and cardiac surgeons.
The intervention group was compared with a historical control group that was included retrospectively. Twenty-nine consecutive patients who underwent DIEP flap breast reconstruction performed by the same surgeon between January 2012 and December 2012 and received no antispasmodic agents were included in the control group.
All patients provided their informed consent and the conduct of the study was approved by the ethics committee of our institution.
Intervention
The same surgeon performed all the DIEP flap breast reconstructions. No change was made to our standard surgical procedure. Briefly, after excision of the mastectomy scar, the fourth chondrocostal segment was sectioned and resected and the fourth chondrocostal rib was removed. The thoracic vessels were visualized and carefully dissected. Then, the transfer of free flap was performed. The IMA was sectioned and the artery blood flow was evaluated before performing anastomosis.
In the intervention group, a pediatric catheter was used to carefully inject the combination of vasodilators directly into the IMA and IEP without damaging the vessel intima. Then, the anastomosis was performed. The central blood pressure was measured using a radial artery catheterization before and after (5 minute) injecting vasodilators. When needed, the anesthetist administered intravenous normal saline to avoid vascular collapse.
Patients were monitored for 24 hours in our surgical intensive care unit after the procedure. The flap viability was monitored clinically and by Doppler during the procedure and then daily for 1 week. A clinical follow-up visit took place 1 month postsurgery.
Outcomes
Clinical characteristics and outcomes were reported for all patients and compared between both groups.
The primary endpoint was the efficacy, which was defined by the rate of flap failure. The flap failure was the necrosis of the flap in the month after the surgery that led the surgical team to perform another reconstruction. The follow-up time was 1 month.
The secondary endpoint was the safety, which was defined by the change in mean blood pressure before and after the injection of vasolidators and by the change in systolic blood pressure (SBP) and diastolic blood pressure (DBP) before injection and 5 minutes after injection.
Statistical Analysis
Continuous variables following a normal distribution are presented as means AE standard deviation and were compared using Student's t-test. Categorical variables are presented as counts and percentages and were compared using Fisher's exact test. Results are reported as means þ/À standard error of the mean for the detailed analyses. All p-values were two-sided and a value of p < 0.05 was considered significant. The normal distribution of the continuous variables was assessed using the Kolmogorov-Smirnov test. All analyses were performed using PRISM (version 5, Graph Pad, La Jolla, CA). All the authors had full access to all of the data and take full responsibility for the integrity of the data and the accuracy of the data analysis.
Results
Patient Characteristics
Patient characteristics are described in ►Table 1. No significant difference in clinical characteristics was found between the intervention group and the control group (►Table 1).
Efficacy Outcomes
In the control group, two total and one partial flap necroses were observed (rate: 10.34% AE 5.7%). In the intervention group, no total or partial flap necrosis was noted. The rate of flap necrosis was, therefore, lower in the intervention group but without reaching significance (p ¼ 0.2).
Safety Outcomes
The mean blood pressure was calculated for the intervention group using the following formula: (SBP þ 2 Ã DBP)/3. It was similar before and after injection of vasodilators: 79.89 AE 2.24 mm Hg versus 79.02 AE 2.30 mm Hg; p ¼ 0.403 (Fig. 1) .
The mean SBP was 110.3 AE 15.00 mm Hg before injection and 107.1 AE 15.67 mm Hg after injection (p ¼ 0.0369), while the mean DBP was 64.66 AE 12.10 mm Hg before injection and 65.00 AE 12.68 after injection (p ¼ 0.712). The change in SBP was À3.28 AE 7.59 mm Hg and the change in DBP was 0.345 AE 4.99 mm Hg. Only two patients (6.9%) had a SBP less than 90 mm Hg.
Discussion
In this study, we found that the use of endoluminal vasodilators had no impact on the mean blood pressure and subsequently no negative impact on free flap breast reconstruction. Our findings showed that the endoluminal injection of isosorbide dinitrate and nicardipine could be used to improve anastomosis performance without adverse events.
To our knowledge, the dissection of vessels leads to the spasm of the IMA in 5 to 10% of cases. 9, 12 This complication is increased by radiotherapy for the treatment of breast cancer. In our practice, it appears easier to remove the fourth chondrocostal rib than the third one despite the risk of sectioning smaller IMA vessels. We believe that removing the fourth chondrocostal rib reduces both morbidity and postoperative thoracic pain. Cardiologists use intra-arterial vasodilators to prevent the risk of radial artery spasm during coronary angiography. The visceral arteries tend to spasm less easily than the peripheral arteries. There is no consensus on which drugs should be used in this context. Furthermore, thoracic and cardiac surgeons also use intra-arterial vasodilators before performing IMA anastomosis. 2,10 For example, amlodipine leads to IMA relaxation during coronary revascularization surgery. 2 In free flap surgery, plastic surgeons usually administer topical vasodilators into the vessel but rarely endoluminal agents. In microsurgery, papaverine or lidocaine is often injected in the adventitia of the vessel. 12 The experience of United Kingdom based plastic surgeons with the use of vasodilators in microsurgery has been studied using a questionnaire by Yu et al. 9 He has found that 94% of surgeons used vasodilators during microsurgery and half used them empirically. Furthermore, 99% of plastic surgeons used topical vasodilators and only 19% used endoluminal agents. Finally, papaverine, calcium channel blockers, and local anesthetics were the three most commonly prescribed vasodilators.
However, several studies have shown that the blood flow increases in the IMA after 15 minutes when no vasodilators are used. 13 The use of topical vasodilators is more common than the intravenous injection because of the risk of central blood pressure drop. 9, 14 This study has some limitations including biases inherent to the use of a registry. First, patients were not randomized. Second, due to the small number of events and the small size of our sample, our clinical conclusions on the improvement associated with the systematic use of vasodilators are limited. Third, the control group was used to compare our present results to our previous practice.
This study should be considered as an exploratory study, and the efficacy results should be interpreted with caution. However, this was the first report of a real-life cohort undergoing DIEP flap breast reconstruction using such a strategy and it confirmed its safety and feasibility. Moreover, in many plastic surgery departments, the actual failure rate of Prevention of Free Flap Anastomosis Vasospasm Hersant et al.
DIEP flap breast reconstruction is less than 1% and is most often related to venous compromised DIEP flap. 15 In our department, we routinely perform a double venous anastomosis on the anterograde and retrograde internal mammary veins. In this series, we observed no venous congestion of the flap.
Conclusion
This first report of the systematic injection of nicardipine and isosorbide dinitrate into the IMA and IEP to prevent vasospasm supports the reproducibility and safety of this strategy in DIEP flap breast reconstruction. However, a dedicated randomized control trial should be conducted to confirm these promising results.
